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1. Introduction 
1.1 Purpose of Thesis 
The selection of the topic for this thesis was 
based prim&rily on the need for coordinating the proced-
ures of the Production Control department af the _Raytheon 
Manufacturing Company of Waltham, Massachusetts. As the 
comp&ny experienced a very rapid growth shortly before, 
during, and since World War II, the production facilities 
expanded similarly creating many unfamiliar situations not 
covered by existing production control procedures. In an 
attempt to provide a solution to the problems as speedily as 
possible, a procedure was written to cover the situation. 
This philosophy continued with new procedures being written 
when the occasion demanded or old procedures being revised 
and/or rewritten to extend their coverage. 
As a result of this "on-the-spot" solution, many 
procedures have been written covering just about all sit-
uations which might arise. Naturally, as time progressed, 
refinements were made in procedures and in operations to 
eliminate some problems, while others ceased to reappear as 
methods# techniques, and equipment being manufactured changed. 
The present status is this: the various manuals, procedures, 
and bulletins are now in existence but there is no one piece 
of paper, figuratively speaking, which specifies exactly the 
present working system of the Production Control department 
in a logical, coherent, and sequential manner so that the 
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functioning of the Production Control department can be 
followed through the entire manufacturing operation. As far 
as the author has been able to determine by interviewing 
personnel of the Production Control department, no :• ,one has 
ever written a comprehensive and complete compilation of the 
operation of the department until this time. There have been 
some attempts but none have ever been carried through to 
completion. 
1.2 The Flow of Authorization 
The flow of authorization can most easily be dem-
onstrated if the various phases of operation are followed as 
a new equipment is released to Production from Engineering 
and is carried through to the completion of the production 
run. As the company is one of moderately large proportions, 
a large number of forms are necessary to keep interested and 
concerned personnel in the various departments in, aiding, or 
servicing the production assembly facilities. Only those 
forms which have a direct bearing in production control and 
its operation will be included in the text whenever and 
where ever the occasion demands. To further restrict the 
cumbersome task of following a multitude of identical copies 
of many forms to their destinations and final disposition, 
only those copies pertinent to the toP.iC of this thesis will 
be traced with a word or two of discussion. 
There is one point which must be stressed at this 
time. From the ideas and thoughts contained in preceeding 
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paragraphs, one might form the impression of a large organ-
ization operating in a haphazard, helter-skelter method, 
feverishly writing procedures to bail out the Production 
Control department of tight situations with no one proced-
ure describing the overall modus operandi. It seems exped-
ient at this time, therefore, to state most emphatically and 
with vigor that a haphazard condition does not exist. Oper-
ations may seem to be quite hectic at times but this is due 
only to pressures of production of a large number of differ-
ent electronic equipments and in no way casts any aspersions 
or doubts on the functioning or capabilities of the Product-
ion Control department. The personnel of the production 
facilities all recognize and operate ~ccording to a very def-
inite and effective system and because of its rapid increase 
in size, most of the effort was spent on system coordination 
. . 
rather than on placing the theory of operation on paper. Aa 
this paper is concerned with compiling the theory of oper-
&tion, the techniques used will be covered without bringing 
into the discussion any sort of classified material of any 
kind. All forms and examples used will be of an unclassified 
nature, blank specimens, or items arbitrarily made up during 
writing to satisfy the need for illustration. Consequently, 
the material contained herein will illustrate the improvi-
sations and modifications on a general type of production 
control system to suit the particular needs of the company 
and thus in no way expose any company manufacturing techniques 
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and methods. 
1.3 Organization of the Production Facilities 
The chart in figure 1, shows the organization of 
the production facilities with emphasis on the Production 
facilities with division heads of the Transformer division, 
Quality Control division, the Production division, and the 
department heads of Material Control and Purchasing reporting 
directly to him. The staff assistants to the Production 
division head are: (a) Order Control whose function is to 
coordinate authorizations from Sales and Engineering and then 
initiate activity in the Production Control department for 
the production quantity manufacturing of a new electronic 
equipment, :· and (b) the Procedures Office where procedures and 
functional agreements among the various oper~ting divisions 
and departments are formulated and published. 
Reporting to the head of the Production division 
are three department heads: (a) Manufacturing, who has charge 
of fabrication of parts, (b) Assembly, who controls the actual 
assembly area, and (c) Production Control, who is major domo 
concerned with the entire process from· getting raw material 
in the plant to shipping finished goods out. As the coverage 
of the .. manufacturing process by this thesis is limited to 
Production Control, it may be well to define the term, 
"Production Control," so freely used in . the preceding 
material. 
'~The control of production may be defined 
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as a function which includes all devices, 
delagations of authority and responsibil-
ity, and procedures necessary for achieve-
ment of production objectives as defined 
through managerial exercise of the plan-
ning function."·::-
As is the case in just about all organizations, in 
order to free the top level executive for high level decis-
ions, staff assistants or aids carry out most of the routine 
work and make routine decisions and so it is with the Pro-
duction Control department. There is an assistant depart-
ment head who acts as department head in his absence and who 
also serves as office manager. This function includes writ-
ing of department office procedures, hiring, firing, tempo-
rary and permanent transfers, promotions, and salary changes. 
The Planning and Processing section, upon receipt of pro-
duction orders and engineering papers, sets up schedules, 
holds make or purchase meetings, prepares kit lists and kit 
tree summary**• and handles changes as they are received 
from engineering. The function of Material Follow-up and 
Control is to schedule the release of material to the pro-
duction area, establish assembly orders, and follow-up of 
material short due to shortages, spoilage, or non-receipt of 
goods. Production assemblies are also checked against the 
* l, P89 
~~ Te be explained in sections 2 and 3 
schedule and provisions are made for shipment of finished 
goods and their sp~re parts. 
In the line function apart from the next major 
level are two groups, Blueprint Control ~nd Instruction Books. 
Blueprint Control is quite important because of the thousands 
of prints needed to build so many dif ferent equipments simul-
taneously. Files are maintained, revised prints must replace 
old issues, confidential ~terial must be logged in and out 
while keeping the necessary records. Any change made in aay 
assembly in the production area by a Production Engineer* 
which will eventually result to a change to the original 
drawing, causes Blueprint Control by order of the Project 
Manager to flag all prints with a notation that a change is 
forthcoming. 
The Instruction Book group is responsible for sev-
eral publications which are shipped with each equipment. 
These publications consist of operating manuals, instruction 
books, and maintenance drawings such as lubrication charts, 
wiring, interconnection, and primary power schematics. All 
of these items must be kept up to date so they will be a 
true representation of the equipment with which they are 
shipped. While other departments in the organization make 
the actual changes, the Instruction Book group must make the 
necessary replacements of all new and revised material. 
* Production Engineering is a part of the Engineering 
Divisions and is not a part of Production Divisions 
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The major breakdown of line function under the 
Production Control department head is the . division of respon• 
sibility to the nine senior Project Managers. The Project 
Managers with their assistants, the junior Project Managers, 
are the personnel closely and ~ctively concerned with an 
equipment from the time it is released to Production until 
the final cle~n-up after the last equipment has been Bhipped. 
It is at this level where the actual work entailed in cod-
dling an equipment through all of the intracacies of requi-
sitions, releases, fabrication, assembly, and test is per-
formed and "miracles" wrought. The number of junior assis-
tants assigned to a senior Project Manager is dependent upon 
his work load, the status of the equipments already under his 
control, the size of each project, and t he work load of the 
.other senior Project Managers. 
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2. Planning and Process Functions 
2.1 Input 
2.1.1 Receipt of Production Orders 
2.1.1.1 Government Sales Order or Commercial 
Product Authorization 
Before the production division can proceed with the 
procurement of raw material and components or the prepara-
tions of assembly space for the building of a new equipment, 
official authorization must emanate from a responsible office 
in order to sanction the activity properly. The official 
document which "triggers" the operation is the Government 
Sales Order for military equipment or the Commercial Product 
Authorization if the equipment to be manufactured is of a 
commercial nature. The primary difference between these two 
authorizations is that the Government Sales Order results 
from a contract with one of the many branches of the military, 
and the Commercial Product Authorization is a company backed 
venture into the commercial field of that particular type of 
equipment. In essence, however, both papers accomplish the 
same results; to start the production team into action in 
order to accomplish the end result of completing the re-
quirements of the authorization by assembling a definite 
quantity of a specific type of equipment. 
2.1.1.2 Equipment Summary from Engineering 
The Government Sales Order or Commercial Product 
Authorization furnishes only half of the trigger action. To 
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complete the basic information for initiating new production 
once the authorization has been issued, the Equipment Summary 
emanates from Engineering, figure 2. The Equipment Summary 
contains a number of bits of information, but its primary 
purpose is to indicate to Production that Engineering has 
assigned a unit number to the equipment named on the author-
ization. A unit number is one which might be thought of as 
a name because it permanently ide.ntifies the equipment to 
which it is assigned. If an equipment is made up of two or 
more major assemblies which must be connected together with 
wires and cable for operation, then each assembly is also 
assigned a unit number. After Production has the author-
ization and the Equipment Summary, it can then start activity. 
The rest of the information, other than the equip-
ment unit number included on the Equipment Summary is useful 
to both Engineering and Production. The Development Order 
numbers asked for are accounting numbers against which de-
velopmental engineering time and expense is charged. A 
check mark is placed in the appropriate square to denote 
whether a Government Sales Order, a Technical Sales Author-
ization, or a Commercial Product Authorization is applicable. 
A Technical Sales Authorization is one used by Engineering 
to authorize engineering effort for design, development, 
and possibly the construction of one or two models. The 
actual contract number or Purchase Order number, the classi-
fication (restricted, confidential, or secret), the project 
18 
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code letter (a single letter designating Army, Navy, Air 
Force, or Commercial), and the master list of maintenance 
drawings. This last number is a list of wiring diagrama, 
schematics, primary power and interconnection diagrams, and 
lubrication charts. The lower half of the heading has a 
space for special instructions resarding this equipment, 
such as whether or not Engineering will make and assemble 
any models or if there are any restrictions imposed by the 
terms of the Government Contract. 
The body of the Equipment Summary lists the actual 
number of the applicable authorization for each item on the 
Summary, the name of the product, the equipment or unit 
number per item listed, the quantity of each unit per equip-
ment, the main assembly drawing number of that unit, the 
symbol series (a method of numbering each component in a 
specific number series arrangement), and finally a check 
mark if special packaging is required. The Project Engineer's 
signature, the date, and number assignment so that it can be 
listed in an index for easy location. Occasionally it be-
comes necessary to change the contents and so, at each re-
vision, the revision number is raised to the next higher 
sequential number. This number plus the Engineering Change 
Order number are listed in the revision column at the top so 
that a perpetual record is maintained of all changes per the 
number of the Change Order listed. 
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2.1.2 Receipt of Production M~terial from Engineering 
2.1.2.1 Engineering Release List 
Once an equipment has been designed, in order for 
the production facilities to initiate a-et ion after the 
proper authorizations have been signed and forwarded, basic 
information is transferred from Engineering as the Engi-
neering Release List. The Engineering Release List is a com-
plete parts list of every component, fabricated item, and 
wire used in the entire equipment. A separate Engineering 
Release List is collated for each unit of the equipment, 
identified by its own separate unit number .• 
The first page heading of each unit Engineering 
Release List contains the equipment name, unit name and num-
ber, and all of the necessary authorizing signatures, 
figure 3. The remainder is used for recording Engineering 
Change Order numbers and dates whenever a change has been 
made to a drawing necessitating a revision to the Engi-
neering Release List. Each following page is numbered in 
succession and if a new component is added after release, it 
is inserted in the Engineering Release List in its proper 
numerical order. 
The listing in the Engineering Release tist is 
broken down into two sections, the groups and the parts. 
All listing in the Engineering Release List is done in 
numerical order, starting with the lowest number. These 
numbers are the company's stores numbers or part numbers 
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which are the means of identification. The first part of 
each Engineering Release List lists groups or assemblies used 
in that particular unit, figure 4. The first three columns 
conta.in the drawings sizes, stores numbers, and revision 
numbers of the assembly blueprints followed next by the quan-
tity of each assembly used in the unit. The description or 
the title of the assemblies are then listed. The "P/A" 
column, parts per assembly, specifies the number of times 
these assemblies are used in the next higher o'r larger as-
sembly. The next higher assembly blueprint number is noted 
in the seventh column and then there is a column for the 
symbol number. The symbol nUmber is one of a particular 
series of numbers apportioned to a unit to allow accurate 
identification of each electrical component or small as-
sembly. For example, a blower motor in a particular unit is 
a subassembly and may have the symbol, BlOl. Nowhere else 
in the entire equipment will there be another BlOl. However, 
B601 may be the identical assembly but as it must be located 
in another unit, it will be listed only on its Engineering 
Release List. This symbol numbering system is one of gener-
al use throughout the industry and is of great assistance in 
locating components for maintenance and repair. The next to 
last column is used to note the Engineering Change Order num-
ber whenever there has been a change to that entry. The last 
column is used for special instructions regarding that par-
ticular entry. 
23 
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A similar system is used to list the parts or com-
ponents which are not assemblies, figure 5. By referring to 
figures 4, 5, and 6, the entire system can be followed. Fig-
ure 6 is a section of an assembly print showing the Material 
List. F'or example, part 5 in the Material List, a captive 
screw identified by stores number, A209-l004P3, ia used four 
times in this assembly, YD1885•5001 Gl. In figure 5, the 
second entry lists this item by its stores number and in the 
proper quantity. As four are used in this assembly and this 
assembly is used once in the unit, then the quantity used per 
unit agrees with the quantity used per assembly. To bear 
this out, the sixth entry in figure 4 lists the assembly, 
YD1885-5001 Gl, to be used once in the next higher assembly. 
In this manner, a component may be located by knowing two 
characteristics, the unit in which it is located and the 
stores number of the component. On the other hand, if only 
the symbol number is known, the unit in which the component 
is located can be determined. This is the basis by which the 
company builds extremely complex electronic apparatus from a 
fairly simple and easy to understand method of identification 
of components and assemblies. 
2.1.2.2 Blueprints 
The instructions of how and what to make and/or 
assemble are all contained in blueprints which are copies 
of an original tracing drawn by or for the Design Engineer. 
For ease of construction and in the interests of speed, 
25 
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several components are included into a sub-assembly whenever 
possible. The use of such sub-assemblies allows many people 
to be working on the same equipment simultaneously, thus re-
ducing greatly the time required for the main assembly to be 
completed. 
The number identifying the blueprint indicates 
whether the print is one of a part, an assembly, or a main-
tenance print of some sort. If the last f -our digits after 
the dash are in the one thousand series, the print is one of 
a single part. A five thousand series print is an assembly 
print in which several components are assembled together. 
The eight thousand series is assigned to all maintenance 
drawings like schematics and primary power diagrams. The 
number of different prints used in the complete assembly of 
an electronics item may reach staggering proportions if the 
equipment is large and complex. 
2.1.2.3 Engineering Investigation Re~uest 
Whenever an equipment is released to Production, 
changes are invariably necessary due to the philosophy of 
releasing before a design is "frozen" in order to gain time. 
As di££1culties are encountered in the manufacturing proc-
esses, the foremen or the Project Manager may initiate an 
Engineering Investigation Request, figure 7, and send it to 
the attention of the concerned Electrical, Mechanical, or 
Wiring Engineer in the Production Engineering Department. 
The Engineering Investigation Request heading includes 
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infor~tion about the equipment, unit, unit number, date, 
originator, and quantity affected. In the upper section of 
the body, the reason for the request for investigation is 
given. Production Engineering together with the Design 
Engineer, record the results of their investigation in the 
"Engineering Decision'' space. The necessary signatures and 
information on urgency and retroactivity are also recorded. 
Copies are sent to Production Control for authorization for 
immediate action and a copy is also sent to the Engineering 
Change Order Section. 
2.1.2.4 Engineering Change Order 
Production Control receives the Engineering Investi-
gation Request, with a set of drawings marked as specified by 
the Engineering Decision. In order to provide proper infor-
mation, control, and records of the changes to be made to the 
original drawings by drafting, an Engineering Change Order ia 
written, figure 8. The information contained in an Engi-
neering Change Order is virtually the same as that contained 
in the Engineering Investigation Request but it is written so 
changes to the original drawings are accurately and clearly 
speciried according to the company's drafting standards. 
When the Engineering Change Order is duplicated, pink work 
copies are sent to those engineering departments which must 
perform some work in connection with the change. Upon com~ 
pletion of the work, the pink copies are signed and returned 
to the Engineering Change Order coordinator at Engineering. 
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White information Engineering Change Order copies are sent 
to concerned departments and are not returned. As the work 
is being completed and the pink copies are being returned, 
partial Engineering Change Orders are distributed periodi-
cally to indicate the progress. When all of the work has 
been completed and all pink work copies have been returned, 
a final Engineering Change Order is distributed to indicate 
that all Engineering Records (drawings, Engineering Release 
Lists, and publications) have been corrected and are availa-
ble. At this time, Production Control replaces the marked 
prints in the production area with new ones. 
2.2 Output 
2.2.1 Scheduling of: Make or Purchase Meeting, 
Requisitioning Complete Date, Kitting 
Now that Production Control has all of the infor-
mation relevant to the building of an equipment, the tempo 
of activity increases. In order to proceed in a precise and 
logical order, a schedule of activity is evolved, determined 
by the master shipping schedule set by Commercial or Govern-
ment Sales. In forming the schedule, a date is set for a 
make or purchase meeting when it will be decided whether 
sheet metal and machine shop items will be made in the com-
pany's shop or sub-contracted out to any of several sheet 
metal or machine shops able to perform the work. 
The final date when all requisitioning should be 
complete is also specified in the schedule. This date is 
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determined by the lead time necessary to fabricate items or 
to procure components so that parts will be available in time 
for the assembly workers to start on their operations. The 
lead time needed from assembly -to test to shipping must also 
be taken into consideration when setting the requisitioning 
complete date. 
Kitting is a process whereby the material sent to 
the assembly areli. is released in groups rather than in in-
dividual parts to reduce the number of items which must be 
handled, moved, lind recorded. The first kit is the lli.rgest 
and consists of all of the assemblies and parts which com-
prise a complete unit. Each assembly included in this kit 
is, in turn, split into its component parts and ~ssemblies 
and released in a kit. This process is continued until the 
practical minimum sub-assembly is reached. Describing the 
process in another way, kitting is a continuous breakdown 
of major assemblies into groups of smaller sub-assemblies 
so that many workers can simultaneously "assemble" one unit. 
This type of assembly breakdown also reduces the number of 
small parts in the main assembly. Because lead time is 
needed for assembly and test, the release of the kits and, 
consequently, the date kitting is complete, must be determined 
and located on the schedule. 
2.2.2 Screen for Maximum-Minimum and Expense Items 
Maximum-minimum items are those listed on the 
Engineering R·elease List and kit list which have a general 
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and wide usage in almost all types of electronic apparatus. 
Due to better pricing when buying in large lots, maximum-
minimum items are never purchased for each individual equip-
ment but are purchased whenever the inventory reaches a 
predetermined minimum. The quantity then purchased will 
increase the amount in inventory to a predetermined maximum. 
These two levels are determined by the usage rate of the 
item and the lead time needed by the vendor to fill the order. 
To specify the maximum-minimum items in the Engineering 
Release List, and Engineering Release List flyleaf, figure 9, 
is inserted on top of every page of the ~ngineering Release 
List and the symbol for maximum~minimum, is marked in the 
Make or Purchase column where applicable. Types of maximum-
minimum items are resistors of all values in the one-half, 
one, and two watt dissipation ratings, certain types of tube 
sockets, and some general usage raw stock material used in 
the sheet metal and machine shops. 
Expense items are those which are not listed on 
the Engineering Release List or the kit list as the unit 
cost is so small or so indeterminate that it is i¢practical 
to spend ·more money on bookkeeping than the item is worth. 
The usage of the expense items or material is quite general 
and consist, in part, of standard sizes of screws, nuts, 
plain and flat washers; wire; masking, vinyl, and electrician's 
tapes; lacing twine for cables; and various sizes and types 
of sleeving used for insulating purposes. In most instances, 
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expense items are stocked in' bulk right in the production 
area. 
2.2.3 Make or Purchase Meeting 
At the Make or Purchase aeeting, decisions are made 
whether a sheet metal or machine shop item is to be made in 
the company's shops or be purchased from an outside shop. 
The meeting is attended by the Shop Methods personnel, the 
Project Manager, . and Production Control department head and/ 
or his assistant. Every item on the Engineering Release List 
is considered except those which have already been specified 
as maximum-minimum, expense or are obviously items for which 
the company is not set up to produce or are a shelf item of 
some vendor. All items listed in the Engineering Release 
List are coded according to their disposition. 
2.2.4 Requisitioning 
2.2.4.1 Engineering Release List 
Flyleaf Extensions 
During the Make or Purchase meeting, the decision 
of how to procure each item is recorded in the Make or Pur-
chase column of the Engineering Release List flyleaf. This 
page is designed so that each horizontal line coincides with 
each entry in the Engineering Release List. The Project 
Manager extends the Engineering Release List by inserting the 
unit quantity in the first "U" column and the product of the 
unit and order quantities in the first "T" column. If the 
- . 
total number of equipments to be built is split into two lots 
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for the purpose of government contract redetermination, 
the second "U" ~nd "T" columns ~re used. The sum of the 
two 11 '1.' 11 columns is recorded in the "Tot~l Req' d 11 column. The 
available assemblies space is completed at a later date. As 
commercial spares inventory is recorded in an account number-
ed "806• 11 the quantity needed is inserted in this column so 
that the spares and productio~ requirements can be combined 
when requisitioning. The only variable left to the dis-
cretion of the Project Manager is the assembly spoilage 
allowance. This figure is listed in the 11AA 11 column and is 
determined solely by the experience in handling the same or 
similar types of components. His decisions are affected by 
the unit cost, the number of equipments to be built, usage 
on other contracts, or extensions of the same contract. The 
sum of the total required, 806 requirements, and assembly 
allowance is inserted in 11Req'n Qty". At this point, the 
extended Engineering Release List is turned over to a typist 
who types all requisitions according to the code and records 
the requisition numbers and stores account numbers on the 
flyleaf. 
2.2.4.2 Work Requisitions 
Work Requisition~ figure 10, are used to authorize 
work to be done within the manufacturing divisions under the 
control of the Works Manager. A typist fills out the re-
quired information on the requisition per data supp lied on 
the Engineering Release List and its flyleaf. Only one Work 
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Requisition is written to the ~ssembly ~rea for each unit of 
an equipment to be produced. The Make or Purchase code 
directs the requisition to the group responsible for the per-
formance of the work. For example, if "TD" is the M~ke or 
Purchase code, the requisition is forwarded to the Trans-
former Division authorizing the manufacture of the . required 
quantity of the designated item in accordance with the speci-
fied revision number of the drawing. Similarity, if the code 
is "MS" or "SM", the Requisition will be forwarded to the 
manufacturing departments. Codes "AFS" or "AFW" direct the 
requisition to the assembly dep~rtment. The complete listing 
~nd explanation of the codes may be found in Appendix I. 
In cases of extreme urgencies, ~ed Work Requi-
sitions are used if the finished item is required in less than 
ten d~ys. This .requisition has the same form~t as the r~gu­
lar yell~w Work Requisition except the color has been changed 
to call attention to the urgency. The lower portion of the 
Work Requisition is arranged in a generalized form to suit 
the variety of scheduling procedures. 
2.2.!.~.3 Purchase Requisitions 
Purchase Requisitions, figure 11, are used to 
authorize expenditures outside of the manufacturing divisions 
as indicated by the Make or Purchase code. The format is 
similar to the Work Requisition except that a space is pro-
vided for high dollar value and the purchase order . number. 
The lower portion is designed for use by the Purchasing 
39 
No. P 133111 
PURCHASE REQUISITION 
FORM 2059 REV. 7-52 IIIAYTHI:OH MP'Q. CO. 
UNIT NO. 
P..OD. ORO. NO. 
CON TRACT NO. 
EQUIPMENT 
DATI: 
'U'IIatti:D .. A .. T NQUI .. EMPT SCHEDULE IN PERCENT 
IIIIEQUIIIII:D 
... , .. cooc 
CHAIIIQC TO 
DdCII:I"ION 
AYAILA.LIIl TO OWDP 
ACTUAL P'ttiCI: L.IMIT COST 
HIGH DOLLAR 
VALUES 
QTY KIT K'U JSAGI: 
FOR UQ 1 TOT OTY J lEND ue1: 
MAT£1111AL FiliON 
PuRCHASE O~DE:R NO. 
noRa No. Aaau •• LY U8EO IN REOUI.ITION£0 •Y ALL 
RCYD 
~-------
AVAILA.L.E TOOLIHQ 
P".o.e. l DESTINATION [] POINT OF SHIP. l: 
8HJ,...ING IN-.TJitUCTIONe 
DATI: lJUYER I OEP'T PURCHASING APPROVAL 
-4 Vi:'P•,iDollll ---- --~_l· 
1 
I 
•cANT cocnooN FOR oNs•.-<:TOON L I cH•C< CJ ITERM-.~--------­
FOR 
NAVY 
RAYTHEON DELIVERY REQUIREMENT VENDORS ~HIPPING AGREEMENT 
THI5SPACE roR PURCHASING -0£PARTIII£NT USE-ONLY 
NPA RIE:GUL.ATION 
ITOTALCOOT 
MATKIIIIIAL 
C:LA •• II"'ICATI 
VI:NDOft 
MA.IOIII 
su• 
OF P.O. 
+:-" 
0 
Department. 
The company has devised a system of controlling 
the value of inventory by scheduling the shipment of high 
dolla r value items from the vendor. It has been estimated 
t ha t approximately ninety per cent of the value of an in-
ventory can be controlled by scheduling ten per cent of the 
items, provided this ten per cent is made up of items having 
a high dollar value. F'or the purpose of the following illus-
tration, fictitious figures are used. Assuming that the 
company decides that an expenditures for a single item should 
not exceed five hundred dollars per month, the following 
formula is used to determine what items are to be classified 
as high dollar items: 
Usage per equipment times the number of 
equipments to be built per month should 
not exceed $500.00 
F'or example: if an item is used five times in an equipment 
and the equipment schedule is ten per month, then the high 
dollar value of this item is 500 = $ 10.00. Therefore, if 
;iiO . ' 
this item is worth more than ten dollars, the rate of ship-
ment by the vendor will be acheduled so that the total re-
quired for the production contract will be spread out over 
a period of time to coincide with the production schedule 
rather than having the total quantity shipped in one lot. 
2.2.4.4 Stock Item Requirement List 
In the process of controlling maximum-minimum 
levels, it becomes necessary to know the scheduled 
requirements of the maximum-minimum items in a given equip-
ment. As this material is not requisitioned when the equip-
ment is released, the usage must be recorded and posted to 
provide Inventory Control with the information so an adjust-
ment to the maximum-minimum levels may be made. The usage of 
a maximum-minimum item is taken from the Engineering Release 
List flyleaf and recorded on the Stock Item Requirement List, 
figure 12, which is forwarded to Inventory Control. 
2.2.4.5 Requisitioning Screening and 
Distribution 
After Work Requisitions and Purchase Requisitions 
have been typed, they are sent to the l0gging desk where 
they are recorded as leaving the Production Control depart-
ment. From the desk, they are forwarded to the Tool Control 
section except those Purchase Requisitions which are asking 
for a manufacturer's catalog item. The Tool Control group 
records availability of tools, such as jigs, fixtures, and 
casting patterns. The next stop is at Inventory Control 
where all requisitions are screened for availability of 
material in an "unassigned'' stock stores which includes 
material unused ~r left over from other contracts. If any 
of the unassigned stock in the stores can be used, the 
quantity is noted in the "Available" block on the requisition. 
This quantity, of course, ·reduces the amount needed as speci-
fied on the Engineering Release List. 
At this point, all Work Requisitions are sent to 
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the Production Control distribution desk where the third (or 
hard) copy is returned to the Project Manager and the first 
and second copies are forwarded to either the Shop Methods 
section. the Assembly Area Scheduling Office, or the Trans-
former Division. From each hard copy. the Project Manager 
sets up a parts folder to file all documents pertaining to 
that item. 
Concurrently. all Purchase Requisitions are for-
warded to the Purchasing department where a Purchase Order 
number is recorded on the Requisition. The third copy is 
then returned via the distribution desk to the Project Man-
ager where a parts folder is established. The remaining 
twe copies are used by the Purchasing department in the 
exercise of their function. 
2.2.4.6 Requisition Change Orders 
As the name implies, a Requisition Change Order, 
figure 13, is used to change the information on any of the 
Requisitions except those Work Requisitions to the assembly 
area. A Requisition Change Order is initiated by the Project 
Manager upon receipt of an Engineering Investigation Request 
er Engineering Change Order and is distributed according to 
the Make or Purchase code, see Appendix III. 
2.2.4.7 Assembly Change Orders 
To provide means enabling changes to be made to 
Work Requisitions to the assembly area, an Assembly Change 
Order is used, figure 14. The reason for using an Assembly 
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Change Order is to give the Project Manager more control 
over changes in the assembly area when he receives an Engi-
neering Investigation Request or Engineering Change Order. 
The distribution is determined by the reason for the initi-
ation of the Assembly Change Order, see Appendix III. 
Entries in the bottom of the Assembly Change Order are made 
only if the change specified in the body of the Assembly 
Change Order requires material which is listed on the short 
list or critical list. 
2.2 • .5 Kitting 
The reason behind kitting has been covered in a 
previous section and so this section will cover the mechanics 
of the process. Kitting is started at the highest main assem-
bly and proceeds progressively to the smallest practical sub-
assembly. 
2.2 • .5.1 Preparing Kit List, Determine 
Sequence and Level of Assemblies 
A Kit List for each kit, figure 1.5, is made out 
listing all of the material in the kit. The entire list is 
completed except for the full vertical column at the left and 
the bottom horizontal row just above the body of the list. 
If a sub-assembly is to go into a higher sub-assembly, the 
kit list may be identified under the higher assembly number 
and will include all of the material of both sub-assemblies. 
The assembly print number of the lower sub-assembly will be 
referenced in the "Assembly Description" block, but the stores 
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number in the adjacent column will be that of the higher 
sub-assembly. The kits are numbered in series, the lowest 
sub-assembly having a number in the one hundred series, the 
next higher sub-assembly having a number in the two hundred 
series, and so on. A pyramid is formed as each lower number-
ed kit is used in a higher numbered kit, with the completed 
unit at the apex. 
2.2.5.2 Kit Tree Summary 
When all of the kits have been completed, the kit 
numbers and kit descriptions are listed on the Kit Tree Sum-
mary, figure 16. This paper is a compilat i on of all kit 
numbers of one unit on one paper and it will show the re-
lationship of low numbered kits to higher numbered kits. The 
column headed "Load Cat." contains the work center code, or 
where in the production area the material in the kit will be 
assembled, See Appendix IV for codes and distribution. The 
assembly area is arranged so that certain departments do a 
specialized type of work for all of the equipments in Pro-
duction; for example, Coil Assembly, Sub-Assembly, and Mech-
anical Assembly. The Main Assembly areas are specialized in 
that they do the as s embly of only one type of an equipment. 
With larger and more complex equipment, one main assembly 
area may assemble only one or two units of the equipment. 
2.2.5.3 Changes to the Kit List 
Occasionally it becomes necessary to change the 
material within or the sequence of kits due to changes 
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specified on an Engineering Investigation Request or Bngi-
neering Change Order, or if there is a clerical error in the 
make-up of the kit list. To effect a change, the kit is 
merely retyped correctly and then redistributed. The kit 
list having the later date supersedes all prior dated kit 
lists and is the one in effect. 
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3. Material Control 
3.1 ~chedule Releases per Shipping Schedule 
All schedules must refer to one m~ster schedule 
for coordination of all activity. The Shipping Schedule is 
the control in the m~tter of rele~ses of sub-~ssembly ~nd 
main ~ssembly kits to the Production ~re~. Releases must be 
m~de in sufficient time for ~ssembly ~nd test to be completed 
~s shown by the Required Lead Time Chart, figure 17. The 
chart indic~tes that after sub-assembly kits are released te 
Stores, one week is needed to make up the kits and send them 
to the sub-assembly area. At the third week of the four 
needed by sub-assembly, main assembly kits ~re released to 
Stores so th~t kits to the main assembly area will coincide 
with the completion of the sub-assemblies. At Main Assembly, 
the foreman assigns sufficient labor to rapidly build one 
complete unit in two weeks ~s this unit will be part of a 
"guinea pig 11 equipment for Assembly, Test, ~nd Shipping. 
The rest of the labor force begins work on ~ sufficient nua-
ber of assemblies to meet the shipping schedule of that 
month. By having a guiRea pig equipment p~ss through all of 
the functions ~bead of the rest of the first month's schedul~ 
all phases will have a chance to become acquainted with its 
characteristics and pick up any necessary changes. If all 
goes ~ccording to schedule, this first unit will be shipped 
on the first of the month with other units foll~wing some 
time later in the month. 
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3.1.1 Load Factor in Stores Area 
When the Kit Lists are released to Stores to be 
made up, care must be exercised so that the Stores work load 
remains on a fairly even level. To maintain an even load 
level, kits are released in a quantity to cover a short pro-
duction period, usually one month. A schedule is prepared 
s~ that kit releases of several equipments will not occur 
simultaneously. 
3.1.2 Storage Facilities in the Production Area 
In many instances, the outer cases which house the 
main chassis or assembly is rather large and bulky. To store 
the number of cases needed for one month's production would 
necessitate a large storage space in the assembly area, with 
accompanying confusion. Obviously the, storage of bulky 
items must be confined to some area other than in assembly. 
Consequently, on the Kit List, the letters "DNI" for Do Not 
Issue are inserted in the "Quan. Req." column of the Kit 
List for bulky items. Stores will not issue items so marked 
with the rest of the kit. When assembly is ready to use the 
Do Not Issue items, a separate Stores Issue* is prepared and 
the items are withdrawn from stores as they are needed. 
3.1.3 Budgetary Control of Released Material 
In section 2.2.4.3, there is a discussion and ex-
planation of why and how high dollar items are determined 
* Stores Issues described in section 3.2.2.2.2. 
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and controlled. In some cases, the control of shipping is 
tighter than the releasing of kits so that these items are 
also marked Do Not Issue on the Kit List. Receipt of high 
dollar items may occur two or three times per month and so 
Stores Issues must be used to meet the demands of assembly. 
3.2 Release of Material to the Assembly Area 
The master shipping schedule and the complexity 
of the equipment being built are the major factors in de-
termining whether the quantity of kits r .eleased to the 
assembly area will cover one or two months production re-
quirements. 
3.2.1 Establish Assembly Order 
Every time each kit is released an Assembly Order 
for that kit is initiated by Production Control for their 
own use. This order is set up so that charges for labor in 
QSsembling the kit may be accumulated. Therefore, it is 
possible in a production run of twelve months during which 
the same kit is released twelve times, there will be twelve 
Assembly Orders. All of the l~bor charges per kit may then 
be tabulated in order to determine and establish the efficien-
cy standards for the work center, it then may be used as a 
time study tool. The Assembly Order includes no charges 
for any material. 
3.2.2 Procedure for Release of Material 
After the Kit Lists and the Kit Tree Summaries are 
completed, the release becomes a mechanical operation of 
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duplicating Rnd distributing the information and papers to 
the sect i ons who will then perform the next step in the 
sequence of operations. 
3.2.2.1 Procedure for Releasing Kit 
Material 
Because the system dictates that each kit is to 
be released every month, the work entailed in typing and 
duplicating every Kit List would be staggering, figure 18, 
is a hectograph master of the Kit List. As mentioned earli-
er, the left ful l vertical column is left blank. Each time 
the kit is released, a section of the Kit List, Variable 
Master, figure 19, is completed. In the process of duplicat-
ing , the strip is placed on the proper side over the left 
column of the Kit List which has been left blank. With each 
new release, therefore, the strip is the only section which 
must be r~typed, the heading of the strip changed to agree 
with the new release data. A problem of how to get all of 
the k it information on several pieces of paper without 
duplicate typing was solved by using the Material Issue 
"shingles," figure 20 and figure 21. Each page of the shingle 
protrudes below the page on top an amount equal to the width 
of a horizontal row on the Kit List, so in duplicating, each 
item on the Kit List is transferred to only one sheet of the 
MRterial Issue shingle. The shingle is separated on the side 
perforations Rnd then a separate short heading master is used 
to complete the data in the heading. Both the yellow and 
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white copies are sent to Stores where the quantity delivered 
is added on both copies as well as on the Kit List. The 
yellow Material Issue is attached to the material and the 
white copy is sent to the accounting offices via Inventory 
Control. The Kit List with the quantity delivered inserted 
plus a signature by the Kit Crib{!- attendant receiving the kit 
is returned to the Project Mana g er for his records. 
).2.2.2 Shortage and Spoilage Material 
Make-up 
It is often necessary to draw material separately 
out of Stores to complete a kit if; (1) the item was not 
available at the time the kit was assembled, (2) the_ item was 
spe cified Do Not Issue on the Kit List, (3) a replacement is 
needed because of spoilage, or (4) a change was made on the 
Kit List. 
).2.2.2.1 Material Receipt from 
Salvage 
When an item is damaged and cannot be used, it is 
sent to the salvage area for survey. A Material Receipt 
from Salvage, figure 22, is completed and sent to the Pro-
ject Manager. If the item is unusable, it is disposed of 
and the Project Manager reduces the assembly allowance on 
the requisition for that item. If rework can be effected to 
return the item to a usable condition, it is done so and the 
~~- The Kit Crib is a temporary storage and distribution 
center in the assembly area. 
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1\) 
item returned to Stores, no change now being necessary to 
the assembly allowance. 
3.2.2.2.2 Stores Issues 
Any material not available at the time of the kit 
release, Do Not Issue items, spoilage or shortage replace-
ments are made available to assembly by the authorization of 
the Stores Issue, figure 23. This form is completed by the 
Project Manager with particular attention being given to the 
blocks denoting the reason for the issue. The hard copy is 
retained by the Project Manager, the other copies going to 
Stores. Vihen the material is issued to the bearer or de-
livered to the user, the yellow copy accompanies it, the 
white copy passes through Inventory Control where inventory 
records are corrected and is forwarded to the accounting 
offices. The pink copy is retained at Inventory Control and 
the blue copy returned to the Project manager signifying that 
the issue has been completed. The hard copyis then destroyed 
as the blue copy serves as the record and 1 ~ filed in the 
parts folder of that item. 
3.2.3 Follow-up and Control of Material Short 
for Assembly 
The importance of availability of material for 
production takes on gigantic proportions if the lack of one 
item prevents the shipment of equipment worth several thou-
sands of dollars and ties up the entire assembly force which 
would skyrocket losses into enormous amounts of money. 
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Maintaining close watch and expediting procure~nt on diffi-
cult to obtain items may result in a savings many times over 
the cost of that supervision. The problems or material fol-
low-up are handled by three groups, one for each type of 
material requisition. All parts may fall into one of three 
classified groups, shop items, purchased items, and items 
manufactured by other divisions of the company. Shop Sched-
uling, a group not under the jurisdiction of Production Con-
trol, performs the follow-up on all sheet metal and machine 
shop items and a follow-up man assigned each buyer performs 
that function on purchased items. The only follow-up actual-
ly done by Production Control personnel is on transformers 
and other magnetic components and standard knobs, both made 
by other divisions within the company. 
3.2.3.1 Monthly Critical List 
Whenever the quantity required on a Kit List is 
unavailable in Stores, the amount actually delivered is 
noted on the Kit List which is returned to the Project Man-
ager. The differences between required and delivered quanti-
ties are considered short and are listed item by item on the 
Monthly Critical List, figure 24, for each project. Each 
entry is coded to designate in which of the three categories 
it belongs so that the proper follow-up group may take action. 
The letter '"P" is the code letter for Purchasing, "s" for 
Shop, "TD" for Transformer Division, a nd "SK" for Standard 
Knobs • . Two copies of the· Monthly Critical List are sent to 
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each group and as the investigation of each sportage i's 
completed, a statement of the res ults is inserted in the 
"Promises and Remarks" column. Typical statements may be; 
the goods are in the receiving area, in Incoming Inspection, 
en route-shipped on {date), promised to be shipped on (date), 
or that no shipment is promised and the reason, if known. 
One copy is retained by the follow-up group and the other is 
returned to the Project Manager to review the promissary 
dates to see if the assemblies affected are such that a tem-
porary lack of those parts will not stall production. If 
the usage is on a main assembly, and it most generally is, 
the unavailability does not cause quite as much anxiety as 
if the component is to be used in a sub-assembly as the in-
ability to complete a sub-assembly may hold up several suc-
cessively higher sub and main assemblies. The follow-up 
groups check each short item daily and if the promissary 
dates are not met, they inform the buyer to call the vendor 
immediately and exert pressure to insure shipment. 
3.2.3.2 Super Critical List 
The process of completing the Super Critical List, 
follows essentially the same procedure as that used in com-
pleting the Monthly Critical List except that the items tab-
ulated are those which are necessary to finally complete the 
assembly of all units which the Project Manager has scheduled 
to enter Unit Test* in two weeks. This list is in continu-
ous circulation between the follow-up groups and the Project 
Manager but the actual follow-up may be done .on a higherlevel 
between the P~oject Manager and the Senior Bu7er ~ecause of 
the greater urgency of the problem. The same form as the 
Monthly Critical List is used except that "Super Critical 
List" is typed in at the top over the printed title and the 
date is typed in under the title. The column headed "Kit" 
is replaced by "Unit" and the "A. o." column is replaced by 
-
"Units Required." The number of the unit and the quantity 
of those units are then inserted in the appropriate column. 
3.2.3.3 Weekly Status Report 
Many times the cause of a _production slow-down or 
stoppage is not due to material being short but to other 
factors. To give a complete picture of production, a Weekly 
Status Report, figure 25, is issued once a week by the Pro-
ject Manager and it will not only include shortages but other 
problems imposed by Engineering, Assembly, Test, Packaging, 
and Shipping, any item which may conceivably cause some de-
lay in meeting shipping schedules. This report is handled 
on a still higher level by department, division, or section 
heads in a meeting called by the Works Manager. A copy of 
an up-to-date Super Critical List accompanies the Weekly 
Status Report as a supporting document giving the complete 
* Unit Test is an electrical inspection station where the 
performance of a unit is checked for proper operation. 
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breakdown of a ll material short. 
3.2.4 F'ollow-up of Production Assemblies 
After a unit has been completel 7 assembled, in-
spected mechamically and for electrical continuity, it 
passes into Unit Test where its elect~ical pe~tormance is 
checked. Any slow-down of units into Unit Teat is brought 
to the attention of the Project Manager 1n a daily meeting 
between the two parties concerned. I t the ~oject Manager 
states on the Weekly Status Report that there is a slow-
down on delivery of units from Product1 D to Unit Test, it 
is brought up at the meeting so that the necessary correct-
ive stepa may be instituted immediately. 
3.2.4.1 Uriit Test Schedule 
Each unit of each 'equipment and each equipment is 
assigned a serial number and so it is expedient to use these 
serial numbers as a means of scheduling the production con-
tract and measuring the progress of the cluction run. 'I'he 
Unit Test Schedule, figure 26, is prepared by the Project 
. 
Manager and lists the serial number of each unit and when 
each unit is due in and out of Unit Test. The body of the 
schedule is divided into horizontal rows of squares, one for 
each working day of the month. One method of setting up the 
schedule is as follows: the unit number of the unit as lis ed 
in the left vertical column and the serial number is inserted 
in the appropriate square according to the schedule of when 
it is to enter Unit Test; a diagonal line is drawn from lower 
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left to upper right of each square and the date "in" is 
written in the left half and the date "out" 1a written in 
the right half. 
3.2.4.2 Dail Unit P~ogrea Repert 
A more complete breakdown is con-
tained in the Daily Unit Progr,ss e 27, which 
is completed by each work center supervt.or. It contains 
the number of units which stages; in pro-
cess, to Inspection (electrica ), to Pi~l Mechanical (in-
spection), to Unit Test, and t Final !eat. Included, ala~, 
are any shortages or production probleaa which may have 
arise~ that day. A group of s cretariew working on a late 
shift coordinate all of this iDtormation according to each 
project, type it on a single sheet, bJ project, and duplicate 
it so that all of the informat on wil be available to each 
Project Manager the first thing ever7 morning. 
3.3 Shipment of Equipment and Sparea 
As mentioned previou y, t~ aQhedule of shipments 
is set up by Government or Comaercial Sales. These offices 
also specify what spare parts are ~eceaaa~y tor each equip-
ment and when they are to be sliipped. The ·components for 
which spares are provided are hose which have been stat-
istically determined to be mos' likely to fail or are pe-
culiar to that equipment and a e not genarally available. 
The shipping schedule may be r djusted by the budget depart-
ment to allow a more efficient arid e~onomic financial 
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operation. The type and quantity of military spares are 
specified by the agency concerned and spares for commercial 
equipment may be recommended by Engineering arid specified by 
Sales. Commercial spares are usually classed as an accessory 
item and not part of the basic equipment and are purchased at 
the discretion of the customer. 
3.3.1 Destinations 
Commercial equipment and spares are sent to a fin-
ished goods stores after satisfactorily passing through Fin-
al Test and are drawn out as needed to be consigned to a 
customer by Commercial Sales. The disposition of military 
equipment is designated by the government agency handling 
the contract as to when, where, and how the finished equip-
ment is to be shipped. The military spares as outlined in 
the government contract falls into two groups, equipment 
spares which are shipped concurrently with each equipment 
and stock spares which are scheduled for shipment to desig-
nated overhaul and/or major military bases. The schedule of 
shipping stock spares is not concurrent with shipping of 
equipment but is set up on shipping part of the total spares 
contract according to the percentage or the total number of 
equipments which have been shipped. 
3. 3.2 Inclusion of Instruct·ion Material 
The inclusion of the correct and latest instruct-
ion book material is the responsibility of the Instruction 
Book Group. When any change is made, copies of the 
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Eng ineering Investigation Request and/or the Engineering 
Chang e Order are sent to this group to alert them that a 
chang e in instruct i on book material may be forthcoming. When 
the Publications Department r e ceives its copies of the Engi-
neering Investigation Request or Engineering Change Order, a 
Publication. Change Warning Slip is~nt in duplicat e to the 
Project Manag er concerned, stating the alterations necess-
ary and the papers to wh ich they a r e to be made. If no 
chang e is necessary, no slip will be forthcoming as many 
times the change docum~nts from Engineering are used to pass 
production information or instructions along. One copy of 
the Publications Chang e Warning S l i p is sent to the Instruct-
ion Book Group in preparat i on of rec e ipt and insertion of the 
revised sheets. In t h e c a se of an urg ent · ch ange, all f a cili-
ties concerned cooperate to the fullest so that there will be 
no barrier in t h e path of shipping an equipment and that all 
of the accompa nying instruction material wi ll relect the 
circuit or design change which has been incorporated in that 
particular equipment. 
3.4 Redetermination of Material to Establish 
Assembly Spoilage 
At the time of the last kit release of sub-assem-
bly material, a count is made of a ll sub-assembly and main 
assembly items by the Project Manager to determine if enough 
material is on hand to comp lete the contract. This infor-
mation is taken from the last Kit List wh ich is r eturned to 
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the Project Manager from Stores. If there is any shortages, 
the proper requisition is processed immediately in an at-
tempt to secure the needed items as rapidly as possible. 
In most cases, the items are of the type which are readily 
available or have a fairly short lead time to delivery. 
However, if the lead time is too long and the shipment of 
the last equipment is in danger of being halted, the Project 
Manager may borrow the short items from another project and 
repay the loan when his material fina l ly does come in. 
76 
4. The Initiation and Processing of Changes 
4.1 Production Engineering Marking a Blueprint in the 
Production Area 
Because of the short lead times involved, pro-
duction problems must be solved on the spot, in many in-
stances, without referring it to Engineering for a solut-
ion. The practiced method is for the concerned Production 
Eng ineer to mark a blueprint right at the problem area. 
Changes or corrections which do not involve any extensive 
redesign may be done by the Production Engineer handling 
the equipment. Any major change would have to have the 
sanction of the design eng ineer and the project engineer. 
When a blueprint is marked, usually by a crayon pencil of 
contracting color, the Production Engineer fills out an 
Attention Slip, figure 28, with the pertinent information-
including an Engineering Investigation Request number. This 
number will be used when the Production Engineer formalizes 
his correction on the Engineering Investigation Request form 
so that there can be a ready cross-reference. The yellow and 
pink copies of the Attention Slip are given to the Change 
Order Coordinator and the white copy is retained by the Pro-
duction Engineer for his records. The Change Order Coord-
inator immediately notif ies Blueprint Control to flag all 
blueprints numbered on the Attention Slip that it is subject 
to mark-up by that Engineering Investigation Request. The 
Change Order Coordinator keeps one copy of the Attention Slip 
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PROJECT MAN 
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"" I . 
~ · 
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to be used as a follow-up of the formal Engineering Investi-
gation Request and sends the second copy to the Project Man-
ager who determines which of the other sections in the Pro-
duction area who use the same blueprints and therefore must 
have their copies marked to agree~ 
4.2 An Engineering Investigation Request or a Prel~i­
nary Engineering Change Order with a Marked Blue-
print from Production Engineering 
On extremely urgent changes originating at Engi~ 
neering, an Engineering Investigation Request with marked 
blueprints are sent from Engineering. They are logged in by 
the Change Order Coordinator and are forwarded to the Project 
Manager for his action. A card is made by the Change Order 
Coordinator for a follow-up file to check on the completion 
of the change by the Project Manager. Upon receipt of the 
change, the Project Manager notifies Blueprint Control to 
flag all prints affected, and copies of the Engineering In-
vestigation Request are forwarded to Shop Methods, Test 
areas, and the Production work centers concerned. These 
copies, in themse l ves, authorize the changes in production. 
Changes to parts manufactured by the Transformer Division or 
against purchased items are authorized by a Requisition Change 
Order initiated by the Project Manager. 
If the nature of the changes are such that there 
is no extreme urgency, the Engineering Investigation Request 
step can be eliminated and the marked blueprints can 
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accompany a preliminary Engineering Change Order which be-
comes the authorizing change paper for Production Control. 
The preliminary Engineering Change Order is routed through 
Blueprint Control to the Change Order Coordinator. Blue-
print Control, as before, flags all blueprints subject to the 
change. The Change Order Coordinator fills out a card for 
the follow-up file and sends the papers and blueprints to the 
Project Manager. On each partial bngineering Change Order, 
a notation is made to record the completed ~ngineering activi-
ty. New copies of the corrected original documents accompany 
the partial Engineering Change Order through Blueprint Con-
trol, through the Chang e Order Coordinator, to the Project 
Manager. Blueprint Control i ncludes a card to the Project 
Manag er which lists all of the blueprints on the ~ngineering 
Change Order which have been subject to flags. If all of the 
changes on the marked blueprint have been covered by the new 
revision, the Project Manager releases the flags by signing 
off t h ose blueprints on the card and returni ng it to Blue-
print Control. Upon receipt of the sig ned card, Blueprint 
Control destroys all old revision blueprints and replaces 
them with new, revised copies. 
4.3 Processing of the F'ormal Change 
Upon receipt of the final Engineering Change Order 
and documents, Blueprint Control routes them to the Project 
Manager through the Chang e Order Coordinator as were the 
partial Engineering Change Orders. The final Engineering 
80 
Change Order indicates that all activity concerned with 
that particular change has been completed and all documents 
not previously covered by partial Engineering Change Orders 
are now up to date. 
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5. Observations, Conclusions, and Recommendations 
In order that the entire operation of the Pro-
duction Control department may be seen instead of its many 
facets, a recapitulation is in order. As previously stated, 
the philosophy of the company is to release a design to pro-
duction before it is in its final st a te and before every 
drawing has been proven in order to reduce the time between 
the initiation of design and the shipment of equipment. 
Therefore, a large, efficient, cooperative staff is necessary 
to correct the difficulties with speed, clarity, and accuracy. 
This type of philosophy is well suited to Raytheon's produc-
tion operation which may be likened to large scale job lot 
manufacture, even though the cost per equipment may amount 
to several tho usands of dollars. 
Production line or assembly line techniques cannot 
be used efficiently or ec onomically because the quantity of 
each equipment does not warrant it and the comp lexity of 
manufacture of electronic equipment does not lend itself to 
conveyor systems at the present state of the art. As there 
are several dif ferent electronic equipments being manufac-
tured simultaneously, the use of mechanized assembly and auto-
mation would create an extremely heavy burden on any schedul-
ing group. Considering that one equipment may use several 
hundred components and parts, the entire assembly area wo u ld 
have to be given over to conveyors to provide the means for 
movement of material. Conditions become rather strained at 
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times under pressure of meeting several different schedules 
in order for them all to agree with the master shipping 
schedule. 
The various steps and most of the forms (all of 
the important forms) have been .explained as to their format, 
distribution, and use. To give an overall picture of the 
Production Control department, the chart of Comp lete Opera-
tions vs. Time, figure 29, will be referenced. An arbitrary 
time scale is shown on the left merely to give some concep-
tion of time from the issuance of the Government Sales Order 
or Commerical Product Authorization until the first equip-
ment is shipped out the door. The Engineering division must 
necessarily receive the authorization first in order that 
the design and models may be developed. The authorization 
together with the Equipment Summary from Engineering to Ord-
er Control provides the impetus to start activity in the 
Production division. At some later date, the production 
papers, Engineering Release List and Blueprints, are trans-
ferred from Engineering to Production as well as the Product 
Authorization from Order Control. 
The Production Control department has essentially 
two main functions: (1) Planning and Processing and (2) Mat-
erial Follow-up and Control. Each of these two g roups may 
be considered as a pump, taking all incoming papers from 
the various feeder lines and expelling the necessary papers 
to all of the divisions, departments, sections, groups, and 
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people who will actually produce the equipment. 
After all of the information is taken -in by the 
Processing and Planning pump, the speed of operations is 
increased to create more activity by issuing the three basic 
classes of requisitions and also the production work papers 
to the production area. While arrangements are being made to 
produce the equipment at the required rate after receipt of 
blueprints and work requisitions, the material and components 
have been ordered, and all requisitions have been screened. 
All material received must pass through an incoming inspection 
of some sort. Shop items are inspected by quality control 
personnel at the shop, transformer and magnetic components 
are checked before leaving the Transformer divisio~, and 
purchased items are inspected immediately after being received. 
In the case of expensive and complex purchased assemblies, the 
company will often place one of their own inspectors as a 
resident in the vendor's plant because it wou ld be too costly 
to invest in the necessary test equipment for use only at 
Raytheon. 
The Kit Lists from Processing and Planning and 
material from Incoming Inspection provides Stores with every-
thing needed to make up the kits. The valve repres ents the 
kit release function, a variable, which is controlled by 
the master shipping schedule in regulating the flow of kits 
from Stores. The kits travel to the production area under 
the cognizance of Material Control and Follow-up. Now, the 
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equipment can be built as the production area is in posses-
sion of the material and the assembly blueprints. After 
assembly, t h e equipment passes through .F'inal Test to Ship-
ping and out, roughly two years after the initial authori-
zation from Sales to Engineering. The Material Control and 
Follow-up pump, the other half of the Production Control 
team, acts more in a pulling than in a pushing manner. If 
material does not reach the production area on schedule, 
the follow-up function makes itself felt by attempting to 
pull all the way back through Stores and Incoming Inspection 
to Purchasing for material in order to prevent hampering 
production because of shortages. 
When the latest production control system and 
procedure was set up shortly after World War II, a great many 
changes were made due to the transition from wartime to 
peacetime economy. No one knew the future of large elec~ 
tronic equipment manufacture nor what potentialities the 
industry had. The consensus of opinion was that electronics 
would rapidly become a major factor in everyday living es-
pecially after the impetus received during the war. Tempering 
realism with optimism, a production control system was es-
tablished which would adequately c a rry the projected load, 
plus or minus a certain percentage. This system worked well 
but then the electronics industry was given another boost 
when the Korean conflict broke out and the system became in-
adequate to carry on efficiently. Conditions were not quite 
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the same as the "crash" basis of operations during World War 
II when costs were not a primary consideration. In any event, 
procedures again reappeared rapidly but converting into a 
semi-wartime basis was done much more smoothly this time. 
Because of emerg ency measures, forms appeared and 
have remained. This thesis has covered only those forms 
which are pertinent to Production Control and do the impor-
tant tasks. There is a multitude of others, so many so, that 
to know what each one is, what it does, its distribution, 
etc., is just about impossible. It seems that many forms 
might be combined with others, some dro pped comp letely, or 
rewritten so they will do more than just .one function. The 
flow and handling of papers is tremendous and a Project Man-
ager could easily be smothered under all of' the paper work. 
The Engineering Investigation Request could be 
eliminated in favor of the Engineering Change Order, pro-
vided it were chang ed in format slightly so it could be used 
as an information paper as well as a change paper. The bngi-
neering division has streamlined and speeded up their act i vi- ·-· 
ties and this may be extended yet. The number of partial 
Engineering Change Orders could be reduced if the documents 
to be chang ed were under the control of Production Engineer-
ing where they could be changed more rapidly. 
Work and Purchase Requisitions could be revised to 
delete all unnecessary information and then combined into 
one general form that could cover all uses. F or the most 
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part, the two forms are identical and only the appropriate 
data would be supplied according to its use. The same sit-
uation exists with the Assembly and Requisition Change 
Orders. 
One of the most ingenious forms or combinations of 
forms is the Kit List, The Kit List Variable, and the Mater-
ial Issues shingle. For any one system of duplicating a 
large number of different half pages without making out each 
one individually really takes the touch of a genius. It is 
the writer's opinion that this method of release of material 
in kit form and the actual forms used provides one of the 
most rapid, efficient, and least painful ways of getting 
material into the hands of production. Long may it continue1 
One very strong recommendation concerns the vari-
ous critical lists and events leading to their usage. The 
follow-up of material now starts when it is not available in 
Stores to complete a kit. Follow-up of any material should 
begin at s ome time before it is due in the plant by using 
reminder and inquiry c a rds sent to the vendor's from one to 
two weeks prior to the promised de l ivery date. A good part 
of the anxiety and expediting could be eliminated if a pre-
ventative follow-up program was in effect. The entire func-
tion of follow-up should be under the control and responsi-
bility of one group rather than being split into three. In 
this manner, all shortages would be handled by experienced 
expediters who can deal directly with the vendors and 
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completely bypass the buyer who can then concentrate on his 
primary function of buying. 
Considering the overall operation, the system 
functions fairly smoothly when allowances are given to the 
large scale of heterogeneous equipments being assembled si-
multaneously with an insignificant part being produced by 
any automatic process. It is very evident that improvements 
will be made, if the past may be used as any criterion so 
that the functioning of the Production Control department 
will become more efficient in spite of the mushroom-like 
expansion of the company. 
The writer would like to extend heartiest thanks 
and appreciation to those who have contributed their time 
and effort so that this paper would be possible. The full 
assistance given shows merely one feature of their excel-
lent capabilities and therefore, their names are set down 
here for posterity: 
Trueman c. Jackson 
Fred Pollard 
Don G. Hill, III 
Joseph Glasser _ 
Robert F. Danner 
Change Order Coordinator 
Material Control and Follow-up 
Production Engineer 
Production Division Manager 
Office Procedures Head 
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APPENDIX I 
One of the following designations will be entered in the M/P 
column of the ERL flyleaf during the Make or Purchase meet-
ing. The M/P flyleaves will be duplicated and distributed 
by the Project Manager, excluding Commercial Products. 
AFS 
AF'W 
EXP 
GFE 
ME 
M/M 
M/MS 
MSP 
Assembly F'loor Shop Order 
Production Floor Assembly, Charged to a Shop Ord-
er, delivered to Stores. Project Manager origi-
nates a Work Requisition. 
Assembly Floor WIP 
Production F'loor Work In Process. An assembly to 
be incorporated as part of a higher level assembly, 
or to be delivered to Final Test. The Project 
Manager will originate a Work Requisition for the 
highest level kit listed on the Kit Tree Summary 
for each unit. The Kit Tree Summary transmits the 
necessary information to . the Assembly Scheduling 
Section. 
Expensed 
Expensed Item. Stocked in bulk on the production 
floor to be used as required for various projects, 
charged to departmental expense. No requisition, 
Stock Item Requirement List or listing on Kit List 
required. 
Government Furnished Equipment 
Project Manager originates a Purchase Requisition. 
Mechanical Assembly 
Kitted precision assemb l y, other than production 
floor assembly: such as work done in Work Center 
38. Project Manager requisitions as for AFW. 
Maximum/Minimum 
Items carried on a high-low inventory basis in 
Stores. ~o requisition required. Project Manager 
list items on a Stock Item Requirement List. 
Maximum/Minimum-Shop Assembly 
Maximum/minimum items carried on a high-low in-
ventory basis in Stores. No requisition required. 
Shop Methods list items on a Stock Item Require-
ment List. 
Machine Shop Paint 
Machine Shop item purchased unpainted. Project 
Manager originates a Work Requisition for finished 
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MSS 
MSSW 
MSW 
pp 
PPA 
PPSA 
PS 
to purchase unfinished part or assembly. 
Machine Shop Shop Order 
Machine Shop item charged to a Shop Order and del-
ivered to Stores~ Prdject Manager originates a 
Work Requisition. Shop Methods originates a 
· purchase Requisition for raw materials including 
castings, etc. or list raw material on a Max/Min 
Raw Material Requirement List, if the material is 
Max/Min. 
Machine Shop Shop Order which is WIP to a Shop 
Assembly ' · 
Items charged to a Shop Order required for two or 
more shop assemblies or a shop assembly and a pro-
duction floor assembly, delivered to Stores. Pro-
ject Manager orig inates a Work Requisition using 
the schedule for MSS parts. The 11W11 used in the 
code will indicate to Shop Scheduling that the 
part is required for a shop assembly and they will 
re-schedule the part to meet Shop requirements. 
Machine Shop WIP 
Machine Shop Work in Process. Project Manager will 
not originate a Work Requisition. 
Purchased Print 
Purchased Print Item. Project Manager will orig-
inate a Purchase Requisition. The requisition 
will be screened by the Tool Control Section to 
record tool information on the requisition. 
Part of a Purchased Assembly 
No requisition required, the print or "S" Sheet 
will be forwarded. with the Purchase Requisition 
for the assembly, tool information will be record-
ed on the requisition for the assembly if the part 
is a print item. 
Part of a Purchased Assembly, the Assembly to be 
tncorporated in a Higher Level Shop Assembly (PSA) 
No requisition required for the part. Shop Methods 
originates a Purchase Requisition for the pur-
chased assembly. 
Purchased "S" Sheet or No Drawing Item 
Not a part of a Shop Assembly. Project Manager 
will originate a Purchase Requisition. No screen-
ing for information required. 
PSA Purchased Part of a Shop Assembly 
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REF 
SKN 
SMP 
SMS 
SMSW 
SMW 
SSD 
No requisit i on required from Project Manager. 
Shop Methods wil l originate a Purchase Requisition. 
Reference Drawing 
A drawing supplementary to another drawing. No 
requisition required. The drawing number will be 
listed on the requisition for the item to be pur-
chased or manufactured and the reference print 
will be attached to the requisition. 
Standard Knob 
Project Manager originates a Purchase Requi sition. 
The requisition Log Clerk will forward the re-
quisition to the Sales Department. 
Sheet Metal Paint 
Sheet metal item purchased unpainted. Project Man-
ager will originate a Work Requisition for the fin-
ished item. Shop Methods will originate a Pur-
chase Requisition for the unpainted item. 
Sheet Metal Shop Order 
Item to be charged to a Shop Order and delivered 
to Stores. Project Manager will originate a Work 
Requisition for the finished item. Shop Methods 
will originate a Purchase Requisition for raw mat-
erial, or will originate a Max/Min Raw Material 
Requirement List if the material is Max/Min. 
Sheet Metal Shop Order which is WIP to a Shop 
Assembly 
Item charged to a Shop Order required for two or 
more shop assemblies or a shop assembly and a pro-
duction floor assembly, delivered to Stores. Pro-
ject Manager will originate . a Work Requisition 
using the schedule for SMS parts. The "W" used in 
the code will indicate to Shop Scheduling . that the 
part is required as a WIP item for a shop assembly 
and they will re-schedule the part to meet Shop 
Requirements. 
Sheet Metal Work in Progress 
Project Manager will not originate a Work Re-
quisition. 
Transducer Department 
All items requisitioned from the Transducer De-
partment for Equipment Production Division re-
quirements. Project Manager will originate a Work 
Requisition. 
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TB Terminal Board 
Project Manager will originate a Purchase Re-
quisition for all terminal boards to be manufact-
ured by the Community Work Shop, and will forward 
these requisitions to the Distribution Desk in 
bundles by project. 
TCM Tool Crib Memo 
Special Tool Crib Item. Project Manager will 
write a memorandum . request to the Tool Crib Super-
visor. No requisition required. 
TCS Tool Crib Stock 
TD 
Stock Tool Crib Item. No requisition required. 
Transformer Division 
Project Manager will originate a Work Requisition 
and Check List. 
Taken from Instruction Circular Number 37 
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APPENDIX II 
Requisitio~ Change Order 
Requisition Change Orders will be used in the following 
situations and will be distributed as shown after the white 
and blue copies have been logged at the Planning and Process-
ing Control Desk. 
1. Changes to Purchase Requisitions coded PS or PP. The 
Project Manager is the originator. 
White - To Purchasing 
Blue - Schedule Control Unit 
Pink - Project Manager's parts folder 
2. Changes to Purchase Requisitions. Shop Methods is the 
originator. 
White - Purchasing, after screening by Raw ~aterial 
Stores 
Blue - Shop Scheduling, after screening by Raw Material 
Stores 
Pink - Shop Methods file 
3. Changes to Purchase Requisitions, Project Stores Items. 
Shop Methods is the originator. 
\Vhite - Purchasing 
Blue - Shop Scheduling 
Pink - Shop Methods file 
4. Changes to Work Requisitions coded SMS, MSS, SMW, MSW, 
MSP, and SMP. 
White - Shop Scheduling via Shop Methods 
Blue Shop Methods 
Pink - Project Manager's file after posting 
5. Changes to Work Requisitions coded TD. The Project 
Manager is the originator. 
White - Transformer Division via Transformer Division· 
Requisition Forwarding Desk 
Blue - Transformer Division Requisition Forwarding 
Desk file 
Pink - Project Manager's file after posting 
6. Changes to Work Requisitions coded AF'S, .AF'W, and ME will 
be effedted by means of Assembly Change Orders. 
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7. Changes to requisitions coded GFE. The Project Manager 
is the originator. 
White - GFE Coordinator 
Blue - Schedule Control Unit 
Pink - Project Manager's file after posting 
8. Changes to requisitions coded SKN. 
White - Standard Control Knobs 
Blue - Schedule Control Unit 
Pink - Project Manager's file after posting 
On Requisition Change Orders coded W or P, and Purchase Re-
quisitions will contain one of the following urgencies: 
Retroactive: 
This urgency indicates that the change must be incorpor-
ated in all material, finished or otherwise, at the vend-
or's plant. Reworking or scrapping of material is auth-
orized where necessary. This is a "Stop Shipments to 
Complyn urgency. 
Schedule at Once: 
This urgency indicates t ha t the change must be incorpor-
ated in all unfinished material in the vendor's plant. 
No rework of finished material is necessary. 
Schedule on a No Delay Basis: 
This urgency indicates that the change may be incorpor-
ated whenever practical for the vendor. This urgency 
should not delay material. 
The appropriate urgency will be entered by the originator 
of the RCO immediately above his signature. 
Taken from Procedure Office Bulletin Number 19 
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APPENDIX III 
Assembly Change Order 
Assembly Change Orders will be used in the following sit-
uations with the distribution as shown: 
1. To authorize changes affecting kit quantities only (an 
increase or decrease in the number of kits necessary). 
White - Assembly Scheduling 
Blue - Scheduling Coordinator via Requisition Log Desk 
Yellow - Project Manager's file 
2. 'I'o authorize other types of changes. 
White - To the Production Supervisor affected with one 
set of blueprints 
Blue - Scheduling Coordinator via Requisition Log Desk 
Yellow- Project Manager's file 
To issue 
changes) 
wishes. 
follows: 
instructions (not necessarily dealing with 
to any person or persons the Project Manager 
In such cases, copies will be distributed as 
White - To recipient of instructions 
Blue - Scheduling Coordinator via Requisition Log Desk 
Yellow - Project Manager's file 
The AGO copies for the Production Floor will be sent to the 
Change Order Coordinator for distribution. When the change 
is of sufficient urgency, the Project Manager may deliver 
the AGO with the prints to the concerned Production Floor 
Supervisor. The pink copy is to be used as an extra . copy 
for additional distribution the Project Manager feels 
necessary. 
When an entire unit is requisitioned 
AGO is required for each kit change. 
previous practice where only one ACO 
against each requisition. 
on a Requisition, an 
This is a change from 
has been written 
Taken from Procedure Office Bul letin Number 17 
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APPENDIX IV 
K.it Summary 
The Project Manager concerned will originate the Kit S~ary 
preparing it on a unit basis listing all of the required kits 
including Kit List numbered kits. 
Load Categories: 
CO - Coil Assembly 
ME - Mechanical Assembly 
MA - Main Assembly 
CB - Cables 
SA - Sub-Assembly 
SP - Spares Packaging 
HA - Heavy Assembly (Antenna, etc.) 
LP - Line Production (When active) . 
QC - Quality Control · 
After the Kit Summary has been prepared, the Project Manager 
will meet with the representative of the Production Floor for 
his approval. After approval has been made, the Kit Summary 
will be published and distributed. 
Cost Department 
Assembly Scheduling 
Run-Off Section 
Inspection Department 
Mechanical Assembly 
Time Study and Methods 
Procedures Office 
2 copies 
1 copy 
1 copy 
1 copy 
1 copy (only summaries listing 
ME kits) 
1 copy 
1 copy 
Kit summaries will be kept current by changes marked by 
revision numbers and dates. 
Taken from Instruction Circular Number 4 
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